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(57) ABSTRACT

For use 1n the manufacture of reinforcement layers for flex-
ible pipes which are capable of absorbing compressive or
tensile forces, and which are used for the transport of o1l and
gas, a thermoplastic material 1s applied to a strength-impart-
ing layer. The strength-imparting layers are reeled on reels,
and following unreeling, are laminated by application of heat
and 1n direct continuation applied to the pipe. The strength-
imparting layer includes a polymer reinforced with at least
20% by volume of fibers. The thermoplastic 1s of a reversible
type (1t may change from being relatively soft, but non-sticky
to being sticky by changes in temperature). The method
allows manufacture of very strong reinforcements for tlexible
pipes which cannot be manufactured using solid matenal,
e.g., steel, since high performing bending forces are required
in shaping. A reinforcement element 1s provided which 1s
capable of resisting instantaneous shock loads as the thermo-
plastic material 1s protective.

9 Claims, 1 Drawing Sheet
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METHOD OF MANUFACTURING A
REINFORCEMENT ELEMENT FOR A
FLEXIBLE PIPELINE

CROSS-REFERENCE TO RELATED
APPLICATION

This 1s a continuation of U.S. patent application Ser. No.
10/4°78,948, filed Nov. 24, 2003, which was the national stage

of International Application No. PCT/DK02/00355 filed 23
May 2002, the contents of which are incorporated herein by
reference.

The mvention relates to a method of manufacturing a rein-
forcement element for a tlexible pipeline, a reinforcement
clement for a flexible pipeline, and a precursor therefore.

Flexible pipes containing reinforcement elements are
known e.g. from JP 3263781, FR 2764669 and WO
00/36324.5. Such pipes are typically used for the transport of
o1l and gas 1n deep waters or waters of varying depth.

An example 1s pipes which are used for the transport of
hydrocarbon from a subsea installation to an installation at
the surface of the sea. For such pipes, extremely high require-
ments are made with respect to the reinforcement, since the
pipes are subjected to great static and dynamic mechanical
loads along their axes. These loads originate partly from the
external pressure application caused by varying external
water pressures, partly tensile forces caused by the own
weight of the pipe, and partly forces caused by the positive
pressure by which the fluid flowing 1n the pipe affects the
pipe.

The manufacture of strength-imparting layers of the type
defined 1n the introductory portion of claim 1 1s described 1n
WO 00/66927. According to WO 00/66927 a glue 1s applied
between a plurality of strength imparting layers, following
which they are wound with a tape such that the layers are kept
together while the glue hardens.

This method ensures that while the glue hardens, the layers
are only kepttogether by the wound tape, which 1s not capable
of absorbing transverse stresses to any significant degree. The
cifect of this 1s that the layers kept together can slide over each
other to a certain degree, and the resulting reinforcement
clement can therefore be configured within certain limaits
while the glue has still not hardened. After hardening, further
sliding of the layers over each other will no longer be pos-
sible, and the combined layers will therefore constitute a ngid
reinforcement element.

Asthelayers are locked to each other after hardening of the
glue, this method requires that the reinforcement element
made of the layers 1s configured to the final shape before the
applied glue has hardened.

It 1s additionally noted that the advantage of applying the
reinforcement element as a plurality of layers on the pipe 1s
that it 1s hereby possible to apply the elements without any
significant mechanical residual stresses occurring in the fin-
ished elements.

However, a number of manufacturing problems are asso-
clated with the manufacturing method of WO 00/66927
described above, the most important problems of which are
caused by the wound tape that keeps the individual layers of
the reimnforcement element together during hardening. If a
reinforcement element thus manufactured 1s to be repaired
alter final application to the pipe, 1t will not be possible to
apply the wound tape again, resulting in a discontinuity in the
reinforcement element.

A turther drawback of the above method 1s that during
manufacture and repair of reinforcement elements i1t will be
extremely difficult to separate the individual layers from each
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other, which excludes repairs, splicing and terminations of
the individual reinforcement elements 1n practice.

In addition to the problems mentioned above, the known
manufacturing method described here 1s additionally compli-
cated by the risk that juxtapositioned reinforcement elements
adhere to each other 11 excess glue 1s not removed prior to the
application to the pipe.

Accordingly, an objective of the invention 1s to provide a
structure of reinforcement elements for use in the manufac-

ture of flexible pipelines which 1s not limited by the problems
mentioned above.

This objective has been achieved by the invention as it 1s
defined 1n the claims.

The mvention thus includes a method of manufacturing
precursor for a reinforcement element for a flexible pipeline,
including the step of applying a thermoplastic layer to the
reinforcement element, which consists of at least one
strength-imparting layer, on at least one face thereof.

One or more precursors may thereafter be laminated with
cach other and/or other strength-imparting layer or layers to
form a final reinforcement element.

This provides the advantage that the individual strength-
imparting layers in a reinforcement element may be manu-
factured as an independent product which may be stored and
later be 1ncluded in the manufacture of a reinforcement ele-
ment for a flexible pipeline.

The reinforcement element and the strength-imparting lay-
er(s) may e.g. be as described below.

The invention also relates to a method of manufacturing a
reinforcement element for a flexible pipeline, wherein the
reinforcement element comprises two or more strength-im-
parting layers, e.g. 3, 4, 5, or more such as up to about 10 or
even 20 strength-imparting layers. The method includes a
step of applying a thermoplastic layer to at least one of the
strength-imparting layers, on at least one face thereot, fol-
lowed by a lamination with another strength-imparting non-
thermoplastic layer.

The strength-imparting non-thermoplastic layer or layers
may 1n one embodiment be as the fiber based tapes described
in WO 0066927 which 1s hereby incorporated by reference.

It 1s 1n most situations desired that the strength-imparting
layers are 1n the form of tape shaped units having two major
s1des.

The strength-imparting layer may in principle be of any
material such as metals and fiber reinforced polymers. Basi-
cally 1t 1s preferred that the strength-imparting layer 1s a
non-thermoplastic layer not made from any thermoplastic
polymer, but 1n one embodiment it may contain small
amounts e.g. up to about 10% by weight of a thermoplastic
polymer provided that this thermoplastic polymer has a lover
t, value than the thermoplastic layer applied onto or in
between the strength-imparting layers.

In one embodiment the strength-imparting layers are made
from materials as disclosed 1n WO 0066927,

In one embodiment the strength-imparting layer or layers
are 1n the form of a polymer reinforced with at least 20% by
volume, such as 30% by volume of fibers or whiskers, such as
carbon fibers or mineral fibers.

The fibers may be randomly distributed or they may be
oriented. In one embodiment the major part of the fibers has
orientations along the length of the shaped strength-imparting
layer or layers.

The length of the fibers may influence the strength of the
strength-imparting layer. In one embodiment the fibers are
endless along the strength-imparting layer, wherein the term
“endless™ designates that the major part of the fibers extends
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along length above 10 cm, such as 100 cm 1n the direction
along the length of the strength-imparting layer.

In another embodiment the strength-imparting layer or
layers are 1n the form of a tully or partly metallic matenal.

In one embodiment thermoplastic layers are applied onto
one of the major faces of at least half of the strength-imparting
layers. This application of thermoplastic material is 1n one
embodiment carried out before the lamination process where
turther strength-imparting layer or layers are laminated. In
another embodiment this application of thermoplastic mate-
rial 1s carried out during the lamination process so that ther-
moplastic material 1s applied onto one major surface of a first
strength-imparting layer, a second strength-imparting layer 1s
applied onto the thermoplastic layer, the free major surface of
the second strength-imparting layer 1s coated with a thermo-

plastic material and so on.

During the coating and lamination processes, the thermo-
plastic material should be sufficiently soft to be moldable and
to be capable of adhering to the strength-imparting layers.
Therefore 1t 1s desired to perform the coating and lamination
processes at elevated temperature e.g. above 100° C., above
150° C. or even higher. In one embodiment the coating and
lamination processes are carried out at temperatures above
the thermoplastic t_+10° C. In another embodiment the coat-
ing and lamination processes are carried out at a temperature
below 100° C. and the thermoplastic material has 1mmedi-
ately betfore the application been heated to above the thermo-
plastic t_+10° C., such as above the thermoplastic t_+100° C.

In one embodiment the thermoplastic material are in the
form of a thermoplastic polymer reinforced with fibers or
whiskers, e.g. at least 20% by volume, such as 30% by volume
of. The fibers or whiskers may e.g. be carbon fibers or mineral
fibers.

The fibers 1n the thermoplasticmaterial layer applied onto
or between adjacent layers of strength-imparting layers, may
be randomly distributed or they may be onented. In one
embodiment the major part of the fibers has orientations
perpendicular to the length of the shaped strength-imparting,
layer or layers.

In one embodiment, the reinforcement element has at least
two strength-imparting layers, and a thermoplastic material 1s
applied to the adjoining faces of at least one of the two
strength-imparting layers.

In one embodiment heat 1s supplied to the strength-impart-
ing layers during the lamination process. This method 1is
particularly usetul in situation where the strength-imparting,
layer or layers are of a material with a high heat conductivity
such as a metal, e.g. steel, aluminum or composite materials
comprising metal.

In one embodiment, the reinforcement element has at least
two or more such as a plurality of strength-imparting layers,
and the method includes the application of a thermoplastic
material to the adjoining faces of at least one of the two
strength-imparting layers.

In one embodiment, the thermoplastic matenal 1s cross-
linked after the lamination step, whereby 1t changes 1ts state
from being thermoplastic to being thermosetting.

The method may 1n one embodiment comprise a step of
applying an energy-dissipating layer to at least one of the
outer surfaces of the reinforcement element. Thereby energy
caused by shock loads may be dissipated, which 1s important
particularly if the flexible pipe 1s of the type to which 1s
applied a reinforcement layer exposed freely to the surround-
ings, 1.€. a pipe without protective sheath.

One or more energy-dissipating layers may further be
applied between strength-imparting layers.
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An energy-dissipating layer means a layer having a shore
hardness, which 1s lower than the shore hardness of the
strength-imparting layers of the reinforcement-element. In
one embodiment the energy-dissipating layer has a shore
hardness, which 1s at least 5%, such as at least 10 lower than
the shore hardness of the strength-imparting layers of the
reinforcement-element.

The energy-dissipating layer may 1n one embodiment be of
a polymeric material such as an epoxy polymer.

In one embodiment of the mvention the reimnforcement
clement consists of a plurality of strength-imparting layers,
and these layers are reeled on a reel, and prior to or during
recling, they are given a shape which approximately has the
final curvature of the reinforcement layer. By using a rein-
forcement element of this embodiment 1n the production of
long pipes having tensile reinforcement elements, this pro-
duction has become easier and more cost-eifectice compared
to similar production of long pipes using prior art reimnforce-
ment elements.

By providing the reinforcement element comprising a plu-
rality of strength-imparting layers with a shape which
approximately has the final curvature of the reinforcement
layer, it 1s ensured that the tensile remnforcement layer is
essentially tension-iree after application to the flexible pipe.

After cooling, the reinforcement element may be applied or
be reeled for subsequent use.

In the embodiment of the method of the 1nvention compris-
ing the step of reeling the reinforcement element onto a reel,
this 1s preferably done under circumstances where the ther-
moplastic material 1s sufficiently soft to adapt to the form
provided during the reeling so that the reinforcement element
obtains a shape which includes a curvature. In one embodi-
ment 1t 1s desired that the shape corresponds to the final
curvature of the reinforcement element.

The method of the invention may 1nclude the step of apply-
ing the reinforcement element. In one embodiment the
method therefore includes the steps of

manufacturing a plurality of flat profiles, such as tape-

shaped profiles of a fibre-reinforced thermosetting poly-
mer €.g. 1 a pultrusion process

applying a thermoplastic polymer material, e.g. 1n a thick-

ness of about 100 um, 200 um or 300 um, to the flat
profiles

recling the flat profiles on a plurality of reels

unreeling the flat profiles from a plurality of reels, and then

laminating them during application of heat

in 1mmediate continuation of the lamination process, such

as before the thermoplastic material solidifies, winding
the flat profiles on the flexible pipe, which now consti-
tutes a remforcement element for the tlexible pipe.

In an alternative method the reinforcement element 1s
reeled onto a bobbin or similar strong device, and later it 1s
unwound under the application of heat and applied onto a
flexible pipe.

In another alternative embodiment, the thermoplastic layer
1s applied immediately before the final application. In this
embodiment, the thermoplastic layer may be applied either as
a film, which 1s subsequently melted, or as a sprayed layer.

The mmvention also relates to a precursor for a reinforce-
ment element for a flexible pipeline. The precursor comprises
a strength-imparting, preferably non-thermoplastic layer
comprising two major faces, having on at least one of 1ts
major faces a layer of a thermoplastic material.

The strength-imparting non-thermoplastic layer and the
thermoplastic layer may be as described above and further-
more the precursor may be provided according to the method
described above.
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By the precursor 1t 1s further obtained that a reinforcement
clement having the desired strength easily can be provided by
selecting the number of strength-imparting layers 1n relation
to the desired strength. Thereby mass production of the pre-
cursor for final production of different reinforcement ele-
ments with different strengths 1s possible.

Finally the invention relates to a reinforcement element for
a flexible pipeline. The reinforcement element comprises two
or more strength-imparting preferably non-thermoplastic
superimposed layers. The two or more strength-imparting
superimposed layers are fixed to each other by intermediate
layer or layers of thermoplastic material.

The strength-imparting layer and the thermoplastic layer
may be as described above and furthermore the precursor may
be provided according to the method described above.

The reinforcement element according to the mvention 1s
simple to manufacture, easy to handle under the application
onto a flexible pipe, and further 1t 1s easy to repatr.

Additional expedient embodiments will now be explained
with reference to the embodiment 1llustrated 1n the drawing,
in which

FI1G. 1 shows the structure of an ordinary flexible pipe with
reinforcement layers,

FI1G. 2 schematically shows a small part of the structure of
a reinforcement layer according to the mvention, while

FIG. 3 schematically shows a subprocess in the application
ol a reinforcement layer using one or more strength-impart-
ing layers according to the invention.

In FIG. 1, 1 designates a tlexible pipe, e.g. for the transport
of fluids such as o1l and gas between offshore installations and
installations near o1l wells on the sea bed.

According to local conditions, such as the depth of the sea
and the temperature of the fluid which is to be transported, 1t
1s important that the pipes have the necessary mechanical and
physical properties which ensure that the pipes are not
destroyed 1n use.

The flexible pipe 1n FIG. 1 consists of a tight liner 3 on
whose 1nner side a so-called carcass 2 formed by wound steel
profiles 1s provided. The carcass 2 protects the liner against
collapse because of external compressive forces, which may
¢.g. occur because of hydrostatic pressures.

Two types of reinforcement layers are arranged externally
on the liner, of which the layer 5, 6 positioned closest to the
liner 1s a compression reinforcement layer that consists of
coupled profiles which may be of the Z-, C-, X- or K-type.

The compression reinforcement layer has arranged exter-
nally thereon a tensile reinforcement layer which consists of
helically wound profiles 7, 8 which are wound almost sym-
metrically relative to the longitudinal axis of the pipe, e.g. at
an angle of about 55°, and such that the layers 7, 8 are wound
oppositely to each other.

Finally, an outer jacket 9, which 1s tight 1n some cases, but
not necessarily so, 1s applied externally to the tensile rein-
forcement layer.

In addition, there may be further layers (not shown) on the
pipe 1 which have specific functions in relation to a specific
use.

The above-mentioned layers are not chemically bonded to
cach other, which means that the pipe 1s flexible and can thus
be bent. Such pipes are therefore also referred to as being
unbonded.

FI1G. 2 shows a small section of the structure of a strength-
imparting layer 10 according to the invention, which may e.g.
be used for the tensile reinforcement layer 7 or 8 1n FIG. 1.

As will be seen, the layer 10 1s composed as a laminate,
where 12 and 14 designate layers which do not exhibit any
considerable thermoplastic behaviour, such as e.g. steel tapes
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or profiles of a carbon/epoxy composite, while 11, 13 and 15
designate a thermoplastic material.

The thermoplastic material has the property that it may be
present 1n both a melted and a solid phase, and that reversible
switching between the phases 1s possible by control of the
temperature.

For example, it may be fairly rigid like hard rubber at a
given temperature, while at a higher temperature 1t can
approach a liquid state. In contrast, the layer used as a rein-
forcement according to WO 00/66927 1s a glue which main-
tains its rigidity after solidification.

It should be observed that nothing prevents the strength-
imparting layer from being composed of several layers of
strength-imparting layers and layers of thermoplastic mate-
rial, of course.

As special embodiments, mention may be made of two
basic configurations where the first 1s a laminate consisting of
a strength-imparting layer and a thermoplastic layer. Such a
structure will be suitable for combination with other lami-
nates of the same type.

Another basic configuration may consist ol a strength-
imparting layer which may be provided with a thermoplastic
layer on each side. Alternatively, one of the two layers may be
a ductile material which 1s suitable as an outer layer 1n a
reinforcement which 1s to be capable of resisting external
impacts, such as shocks or the like. This 1s important espe-
cially 11 the reinforcement layer 1s exposed freely to the sur-
roundings.

Since the layer 1s thermoplastic according to the mnvention,
it can be worked relatively easily. In other words, even rein-
forcement layers having many layers and thereby a great
strength may be reeled in limited amounts, since heating
during working causes the thermoplastic layer to become so
soit as to allow the steel elements/profiles to move relatively
to each other.

I1 the reinforcement layers are to be used on a long pipe, it
may be desired in the manufacture of 1t that the reinforcement
clements are manufactured with a curvature comparable to
the curvature which they will describe on the fimished pipe. It
1s 1mportant to note that the innermost fibers 1n a reinforce-
ment layer will describe a shorter distance than the outermost
fibers. Thus, 1f a pipe has wound thereon a straight reinforce-
ment element where the individual strength-imparting layers
are locked relative to each other, the winding will therefore
cause compressive stresses in the mnermost fibers of the
reinforcement element. If a reinforcement element according,
to the invention 1s wound where the strength-imparting layers
are not locked relative to each other (e.g. because of heating),
this will cause the layers to move relative to each other. This
1s 1n most situations acceptable for short lengths of reinforce-
ment elements, but may be difficult for long lengths, since the
practical handling of the accumulated length difference
between the individual strength-imparting layers will result
in a very difficult manufacturing process.

FIG. 3 schematically shows how a strength-imparting layer
may be manufactured according to the invention, where 10
designates a strength-imparting layer which 1s shown to the
right 1n the figure prior to the lamination process. In the
lamination process, non-thermoplastic strength-imparting
layers 20a, 200, 20c, 204, and 20e are fed from reels (not
shown)toreels 16,17, and 18, where a thermoplastic material
1s applied from applicator means (not shown) to the non-
thermoplastic strength-imparting layers 20a, 2056, 20¢, 204,
and 20e shortly before the compression. These applicator
means may consist of guides which apply a thermoplastic
layer, e.g. in the form of a film, to the strength-imparting
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layers, or by direct application of molten material by means of
small rolls having perforations for discharging thermoplastic
material.

EXAMPLE

Pipes for the transport of o1l between an 1nstallation on the
sea bed and a floating installation.

This example describes a freely hanging configuration
where the depth of the pipe below the surface of the sea 1s a
monotonically increasing function of the length. In this con-
figuration, the hydrostatic pressure around the pipe therefore
increases monotonically along the length of the pipe.

The liner 1s formed of PVDF and serves to create an effec-
tive diffusion barrier between the fluid transported 1n the pipe
and the environment. To prevent unintentional cooling of the
transported fluid, the liner has extruded externally thereon a
layer of polypropylene whose purpose is to serve as a thermal
barrier. Although polypropylene 1s stated as an example here,
numerous other materials and combinations of materials may
be used. In particular combinations of materials where syn-
tactic foam 1s mncluded as a component are conceivably suit-
able 1n this application.

To reinforce the liner against a reduction in volume, the
interior of the liner 1s reinforced with a 12 mm thick rein-
forcement layer which 1s wound on profiles made of duplex
steel.

According to the invention, the external reinforcement 1s
composed of elements which each are made of thin layers of
a carbon/epoxy composite bonded together by thermoplastic
intermediate layers.

The manufacture of the reinforcement layers starts with a
pultrusion process where a plurality of flat strength-imparting,
layers having the dimensions 0.5x12 mm are manufactured.
This pultrusion process comprises manufacture of elements
having a fibercontent of about 50% by volume. Characteristic
of the resulting pultruded product 1s a high degree of fibre
alignment, and this pultruded product therefore has an
extremely great strength along the fiberdirection. After pul-
trusion of this strength-imparting layer, 1t 1s drawn through a
furnace, which ensures complete hardening of the epoxy.
Immediately after the passage through the furnace, a solid
200 um thick thermoplastic polyurethane film 1s applied.
Owing to the high temperature of the strength-imparting layer
immediately after the passage through the furnace the poly-
urethane layer fuses with the strength-imparting carbon/ep-
oxy layer. The strength-imparting layer with applied polyure-
thane 1s now reeled and stored.

In the production of a pipe, reinforcement layers are now
composed by applying eight strength-imparting layers to the
pipe. Immediately prior to winding on the pipe, the eight
strength-imparting layers are heated, causing the applied
thermoplastic polyurethane to melt. Hereby, the eight layers
fuse to a unit. Since this fusion takes place immediately prior
to the application to the pipe, the polyurethane layer will be
molten at the winding, but will harden immediately after the
application to the pipe.

As a result, after solidification, the applied element will
essentially have a shape that ensures that there are no
mechanical stresses.
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The outer remnforcement 1s wound at angles of about
+/-55° relative to the longitudinal axis of the pipe.

To protect the outer reinforcement during laying and opera-
tion, a stocking of aramide 1s woven over the outer reinforce-
ment. This stocking of aramide imparts a great abrasive
strength to the pipe, while 1t 1s so open to mass transport as to

allow a free or almost free transport of fluids to take place
through 1t. Since the aramide stocking 1s exposed to sunlight,
a further cover layer will be applied to pipe lengths which are
exposed to UV radiation. This stocking 1s woven 1n a manner
such that 1t yields 1f the pipe 1s compressed. It 1s ensured
hereby that the tensile reinforcement of the pipe can travel
radially 1t the pipe 1s subjected to compression 1n the direction
of the axis, whereby the compressive stresses 1n the reinforce-
ment elements are kept at an acceptable level.

If the pipe 1s to be used at great depths of sea, a turther
lacing of the outer reinforcement, e.g. at intervals of 10
metres, will be an advantage, since this lacing will ensure the
position of the reinforcement wires relative to the liner, and
also allow the radial travel necessary to prevent mechanical
Stresses.

Clearly, the present invention may be performed 1in many
other ways than those shown above, 1t being possible to apply
the principles of the mvention with great latitude within the
scope defined by the claims.

The invention claimed 1s:

1. A flexible unbonded pipe comprising a liner and at least
one layer of tensile remnforcement profiles helically wound
around the liner, wherein the at least one tensile reinforce-
ment profile comprises a tape shaped reinforcement element,
which element 1s a composite layer comprising two or more
strength-imparting non-thermoplastic, superimposed layers,
fixed to each other by intermediate layer or layers of thermo-
plastic material provided on adjoining faces of the strength-
imparting layers.

2. A flexible unbonded pipe according to claim 1 wherein
the remnforcement element comprises an energy-dissipating,
layer applied to at least one of the outer surfaces of the
reinforcement element.

3. A flexible unbonded pipe according to claim 2 wherein
the energy-dissipating layer 1s of a polymeric material com-
prising epoxy polymer.

4. A flexible unbonded pipe according to claim 1 wherein
the strength-imparting layers are in the form of a polymer
reinforced with at least 20% by volume of fibers or whiskers.

5. A tlexible unbonded pipe according to claim 4 wherein
said fibers are carbon fibers, said fibers are reinforcement
fibers.

6. A flexible unbonded pipe according to claim 1 wherein
the strength-imparting layers are in the form of a fully or
partly metallic material.

7. A flexible unbonded pipe according to claim 1 wherein
the strength-imparting layers are of steel, aluminium or com-
posite material comprising metal.

8. A flexible unbonded pipe according to claim 1 wherein
the layer of tensile reinforcement profiles 1s not bonded to the
liner.

9. A tlexible unbonded pipe according to claim 1 wherein
the flexible unbonded pipe comprises a carcass.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 8,505,587 B2 Page 1 of 1
APPLICATION NO. : 12/910944

DATED . August 13, 2013

INVENTOR(S) . Kristian Glejbol et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Specification, column 1, line 18, replace “00/36324.5” with -- 00/36324 --
In the Specification, column 7, line 39, replace “fiberdirection™ with -- fiber direction --

Signed and Sealed this
Fifth Day of November, 2013
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